The suitability of cloud-based irrigation technologies remains questionable due to limited information on their evaluation in the field. This study focussed on the on-field assessment of a smartphone irrigation scheduling tool-Bluleaf ® -with respect to traditional water application practices. Bluleaf ® uses weather, crop, soil, and irrigation system data to support a farmer's decision on the timing and amounts of irrigation. The smartphone application was tested in Bekaa Valley, Lebanon, on durum wheat, a strategic Mediterranean crop, during the 2017 and 2018 growing seasons. The simulation results on soil water balance were in "acceptable to very good" agreement with the measured soil moisture values, with a root mean square error (RMSE) between 15.1 and 26.6 mm and a modelling efficiency (NSE) that ranged from 0.77 to 0.92. The appropriateness of the adopted smartphone irrigation scheduling was confirmed also by leaf water potential measurements and the Crop Water Stress Index (CWSI). A water saving of more than 1000 m 3 /ha (25.7%) was observed with Bluleaf ® with respect to traditional irrigation scheduling. Therefore, new technologies could bring about substantial benefits to farmers and support water saving efforts in the Mediterranean region.
Introduction
Sustainable irrigation management requires reliable and easy-to-use methods and tools to support real-time scheduling with respect to the availability of water, specific soil and weather conditions, a crop's water requirements, and a crop's response to stress. Studies, conducted in recent years in various parts of the world, have shown that the use of innovative technologies, management approaches, and modelling tools can improve irrigation scheduling, save water, enhance a farmer's income, and reduce the environmental burden [1] [2] [3] [4] [5] [6] [7] [8] . In this context, real-time automatized irrigation scheduling, based on reliable low-cost sensors and simple water balance models, is receiving a growing amount of attention [9] .
A plethora of innovative technological solutions in the agricultural sector is emerging worldwide. However, the commercialization of these products is intricate due to difficulties in demonstrating the on-field applicability and the effectiveness of proposed innovations and in creating direct contact with potential users. Over the past decade, numerous web-based irrigation scheduling tools have scheduling are computed by means of a specific model that was originally written in the MS Excel ® programming language and previously tested and applied for similar applications [27] . The model estimates crop evapotranspiration, irrigation water requirements, and relative yield through the standard procedure proposed by the FAO 56 Paper [24] .
The reference evapotranspiration (ET o ) was estimated by the FAO Penman-Monteith equation [24] as:
where Rn is the net radiation available at the crop surface (MJ/m 2 /d), G is the soil heat flux density (MJ/m 2 /d), T is the mean air temperature at 2 m height ( • C), U 2 is the wind speed at 2 m height (m/s), (e a − e s ) is the vapour pressure deficit at 2 m height (kPa), ∆ is the slope of the vapour pressure curve (kPa/ • C), and γ is the psychometric constant (kPa/ • C). The computations of the considered parameters were performed following the formulas reported in [24] .
Crop evapotranspiration (ET c ) was calculated as a product of the reference evapotranspiration and the crop coefficient Kc:
Soil water balance is estimated on a daily basis, and it is expressed in terms of water depletion in the effective root zone D r,i (mm) at the end of each day through the following equation:
D r,i = D r,i−1 − P i − IR i + ET c,i + DP i (3) where D r,i−1 represents the root zone depletion at the end of the previous day i − 1 (mm), P i is the effective precipitation on day i (mm), IR i is the net irrigation supply on day i (mm), ET c,i is the crop evapotranspiration (mm), and DP i is the deep percolation on the same day (mm). Surface runoff (RO) is not considered since it occurs only when the precipitation and irrigation inputs are greater than the soil infiltration rate and refers to the water amount that does not enter into the soil. Capillary rise (CR) is usually a very small value that should be taken into consideration only in the case of a shallow groundwater level. Deep percolation is considered to be the excess of water above field capacity within the root zone. Therefore, it occurs when the effective rainfall is higher than the potential water storage of the root zone or in cases of excessive irrigation water supply. The effective precipitation was assumed to be a percentage of total precipitation; a default of 80% was adopted, and it can change during the growing season. Moreover, daily precipitation lower than 2 mm was not taken into account. Total available water (TAW) for a crop is estimated as the difference between water content at field capacity and water content at wilting point and changes during the growing season as a function of root depth (Rd). Therefore, TAW = (FC − WP)/100 Rd (4) where Rd is given in mm. Readily available water (RAW) represents the amount of water that can be depleted from the root zone without compromising crop growth. RAW is estimated as a fraction (p) of TAW as RAW = p × TAW
where p represents a threshold for maximum crop production (the optimum yield threshold). This threshold is crop-specific and can change during the growing season. It ranges between 0.3 (for water-stress-sensible crops) and 0.7 (for water-stress-tolerant crops). Different irrigation strategies can be adopted, and they depend on the management allowable depletion (MAD), which can be lower than or equal to RAW (the optimal irrigation and maximum yield) and greater than RAW (a crop water stress and yield reduction). When the soil water depletion in the root zone (D r ) is greater than RAW (i.e., it is below the optimal yield threshold), a dimensionless coefficient K s (0-1) is used to account for the level of water stress. K s is calculated by the following formula:
where D r is the root zone's soil water depletion, TAW is the total available water, and RAW is readily available water (a predetermined fraction of the total available water). Hence, crop evapotranspiration is adjusted for water stress using the reduction coefficient K s as:
Yield reduction under water stress is estimated using the approach of [28] as:
where Y a is the actual yield under water stress corresponding to the adjusted crop evapotranspiration (ET c,adj ), Y m is the maximum yield corresponding to the optimal water supply, and K y is a crop-specific yield response factor that can vary during the growing season. where Dr is the root zone's soil water depletion, TAW is the total available water, and RAW is readily available water (a predetermined fraction of the total available water). Hence, crop evapotranspiration is adjusted for water stress using the reduction coefficient Ks as:
where Ya is the actual yield under water stress corresponding to the adjusted crop evapotranspiration (ETc,adj), Ym is the maximum yield corresponding to the optimal water supply, and Ky is a crop-specific yield response factor that can vary during the growing season. Figure 1 . The Bluleaf ® architecture. TAW, total available water; RAW, readily available water; NIR, net irrigation requirements; GIR, gross irrigation requirements; FI, full irrigation, DI, deficit irrigation. Figure 1 . The Bluleaf ® architecture. TAW, total available water; RAW, readily available water; NIR, net irrigation requirements; GIR, gross irrigation requirements; FI, full irrigation, DI, deficit irrigation. Soil samples were taken in both seasons at up to 50 cm depth at five locations within the experimental field. The soil texture was determined, and the corresponding texture class referred to the USDA (United States Department of Agriculture) classification. The basic soil hydrological properties for the two seasons were estimated in Bluleaf from the soil granulometric analysis, the organic matter, and the electrical conductivity by means of the pedo-transfer function as suggested by [29] . The results are presented in Table 2 . In the first year, the soil water holding capacity was 180 mm/m, while in the second it was almost 25% lower (136 mm/m). The basic crop parameters were initially set according to [24, 30] . However, both biometric measurements (the percentage of effective ground cover) and a phenological survey were done on a weekly basis to correct Bluleaf ® 's specific crop parameters according to what was observed in the field.
Description of the Testing Site and Experimental Activities

Description of the Trial
The irrigation scheduling experiment consisted of nine plots, each 300 m 2 size (15 m × 20 m). The plots were randomized in a complete block design consisting of three irrigation scheduling treatments and three replicates: I-Bluleaf, irrigated according to Bluleaf ® ; I-farm, irrigated according to the farmer's knowhow; and I-rainfed.
For the I-Bluleaf treatment, irrigation was managed using the Bluleaf ® smartphone application in such a way as to keep the soil moisture content above the threshold of readily available water starting from the booting until the grain-filling stage. For the I-farm treatment, irrigation was managed according to the common farmer's practice that consisted of providing the crop with water on a 15-day basis starting from early spring.
Irrigated plots were equipped with traditional impact sprinklers (with a discharge rate of 1.5 m 3 /h) spaced at 12 m on a lateral line overlaid on the middle of each plot. Each treatment had its own valve and flow meter. The adopted application efficiency was 75%. Durum wheat was sown in rows that were 0.18 m apart, with a density of 200 Kg of seeds per hectare. Nitrogen was applied at a rate of 60 kg/ha; in particular, ammonium sulfate (21% of N) was applied at the beginning of tillering, while ammonium nitrate (26-27%) was applied at the beginning of stem elongation.
The starting dates and duration of the main phenological stages observed during the two growing seasons are reported in Table 3 . Table 3 . The starting dates and duration of the main phenological stages of durum wheat grown in the 2016-2017 and 2017-2018 growing seasons. In brackets are reported the days after sowing (DAS). Soil moisture readings were used to test the validity of Bluleaf ® by checking the differences between simulated (model) and measured (sensor) data. For this purpose, an FDR (Frequency Domain Reflectometry) (or 'capacitance') sensor, the PR2 profile probe (DeltaT Devices Ltd, Cambridge, UK), was used for periodic monitoring of the soil water content along the profile in access tubes placed at a depth of 1 m in each of the nine plots of the trial.
Growth Stage Durum Wheat
Midday leaf water potential was measured three times in each growing season, during the irrigation season, on a two leaves per plot replicate using the Scholander pressure chamber (P3000, Soil Moisture Corp., Santa Barbara, CA, USA) in both trials. In addition, canopy temperature (Tc) was monitored by using an infrared thermometer (PhotoTemp TM MXS TM TD, Raytek ® , Everett, WA, USA). The crop water stress index (CWSI) was estimated according to Idso's procedure [31] using air temperature (Ta) and vapor pressure deficit (VPD) data. In fact, the canopy temperature minus air temperature (Tc − Ta) values were plotted against the corresponding air VPD values, and delimited by the estimated upper and lower baselines. The CWSI values were then calculated as the relative distance of the measured point data between the upper and lower limits. A set of I-rainfed data under high-water-stress conditions was used to draw the upper baseline (UL) parallel to the VPD axis. Meanwhile, the lower baseline (LL) was derived from a set of I-Bluleaf and I-farm data.
Crop Yield, Crop Quality, and Yield Water Productivity
The final aboveground biomass, at the end of each crop cycle, was measured on a 1 m 2 (1 m × 1 m) surface in each plot replicate. The aboveground biomass was determined by oven drying samples at 70 • C until a constant weight was reached. In addition, at physiological maturity, the grain yield was measured by harvesting a sample area of 1 m 2 at the centre of each plot. Yield water productivity (Y-WP) was calculated as the ratio of yield over the sum of precipitation and irrigation water applied.
Statistical Analysis
The validation of a soil water balance estimate with Bluleaf ® was done by comparing the simulated and measured values of soil water content over the whole growing cycle in both seasons. Goodness-of-fit parameters, mainly the root mean square error (RMSE), the coefficient of variation of the RMSE (CV(RMSE)), the Mean Bias Error (MBE), the Maximum Absolute Error (MAE), the index of agreement (d IA ), and the Nash-Sutcliffe coefficient (NSE), were applied to evaluate model performance against observed data.
The average difference between simulation outputs and experimental data was described by the root mean squared error (RMSE) as: (9) where N is the number of pairs of observed/measured (O i ) and predicted/simulated (P i ) data.
Then, the coefficient of variation of the RMSE (CV(RMSE)) was applied to normalize the RMSE to the mean of the observed/measured values (Ō) as:
The Mean Bias Error (MBE) was used to indicate the under/over estimations by the model as:
The Maximum Absolute Error (MAE) was estimated as:
The index of agreement (d IA ), which represents the ratio between the mean square error and the "potential error", was calculated according as [32] :
The d IA is a descriptive parameter that varies between 0 and 1, with the value of 1.0 indicating excellent agreement.
In addition, the Modelling Efficiency (NSE), which represents a normalized statistic that determines the relative magnitude of the residual variance compared to the measured data variance [33, 34] , was defined as:
According to [19] , which worked on validating a smartphone application for avocado, the validity of the model performance was considered very good when the probability of fit showed an NSE = 0.9-1, good for NSE = 0.8-0.899, acceptable for NSE = 0.65-0.799, and unsatisfactory for NSE < 0.65.
All statistical analyses were carried out by using SAS v9.
Results and Discussion
Irrigation Water Supply and Saving
Irrigation dates and amounts of water supply considering two management approaches (Bluleaf ® and the farmer's approach) are presented in Table 4 for both seasons. In the first season (2016-2017), the Bluleaf ® irrigation was scheduled three times, each with 67.5 mm of net irrigation, which accounted for a total of 202.5 mm of net irrigation supply and 270 mm of gross irrigation input. The farmer's irrigation strategy assumed four irrigations of 67.5 mm each, with a total of 270 mm of net irrigation and 360 mm of gross irrigation. Therefore, a total water saving of 90 mm was obtained when the Bluleaf ® application was used. Note: I-Bluleaf, irrigated according to Bluleaf ® ; I-farm, irrigated according to farmer know-how; I-rainfed, no irrigation.
In the second season (2017-2018), the Bluleaf ® irrigation was scheduled four times with different water inputs, which accounted for 248 and 331 mm of net and gross irrigation, respectively. In the case of the farmer's irrigation strategy, five irrigation events occurred, each with 67.5 mm, which meant 337.5 mm of net irrigation supply and 450 mm of gross irrigation input. Thus, in the second year, a water saving of 119 mm was observed with the Bluleaf ® application.
Overall, I-Bluleaf received 25.7% less water than I-farm independently on the growing season. In Lebanon, the area cropped with wheat represents about 30,000 ha, of which almost 50% is being irrigated [35] . Therefore, the annual water saving could reach about 15 million m 3 provided that, in all irrigated areas, a real-time irrigation scheduling tool is applied.
The difference in irrigation amounts between the two growing seasons was mainly due to the different soil characteristics of the two experimental seasons (the soil water holding capacity was about 25% greater in the first year with respect to the second year) and the distribution of precipitation throughout the growing season, which was more uniform in the first than in the second year. In fact, in the second growing season, the precipitation was higher than in the first year by about 51 mm; however, it was distributed mainly in January and February, when both the rooting depth and the crop evapotranspiration were low. Thus, in the second season, most of precipitation was lost mainly through deep percolation. The difference in net irrigation requirements estimated by Bluleaf ® was about 45 mm. Nevertheless, the difference in net irrigation applications adopted by the farmer's approach was 67 mm. This confirms the suitability of smart irrigation technologies for irrigation scheduling, which permit us to have better knowledge of the soil-plant-atmosphere continuum and a more accurate irrigation supply.
Assessment of the Soil Water Content Estimation in the Root Zone
The results of soil water balance estimated on a daily basis are given by the values of soil water depletion in the root zone in Figures 2 and 3 for the three water treatments (I-Bluleaf, I-farm, and I-rainfed) in the 2016-2017 and 2017-2018 growing seasons. In both seasons, the plants were kept under optimal water conditions from the booting until the grain-filling stage. The irrigation was always applied before the root zone's soil water content went below the allowable depletion threshold. Consequently, no apparent water stress was experienced by the crops during the irrigation period. When irrigation was stopped, at the dough stage, the soil water content dropped below the readily available water threshold. The total net irrigation amounts of I-farm were 270 mm and 338 mm in the 2016-2017 and 2017-2018 growing seasons, respectively. Irrigation was performed every 15 days according to the common farmer's practice in the region. Accordingly, irrigation started at the early vegetative stage. For I-rainfed, water stress started at the booting stage and it was increased progressively until the ripening stage.
The testing of Bluleaf ® to predict soil water content in the root zone demonstrated a good agreement with the measured values considering the soil water dynamics and the soil spatial variability and heterogeneity. The goodness-of-fit indicators are presented in Table 5 . The RMSE ranged from 15.12 mm to 26.64 mm with a CV(RMSE) between 0.14 and 0.61 mm. The d IA ranged from 0.77 to 0.98. The NSE showed that the model can be classified from acceptable to very good [19] , with values ranging from 0.77 to 0.92. The differences between the simulated and observed soil water contents could be due to the fact that the soil water balance considers a one-dimensional flow of water through the soil, while ignoring lateral and preferential flow [36] [37] [38] . In addition, since soil properties are generally highly heterogeneous, the simulations were accepted as an average representation of soil water variations within the root zone. Trends in soil water content dynamics and not exact values of soil water content were reproduced by the model, as was also obtained in the study for the validation of a smartphone application for avocado [19] . 
Biomass, Yield, and Water Productivity
The main examined variables, particularly the final aboveground dry biomass (AGDB), the grain yield, and the yield water productivity (Y-WP), are reported in Table 6 for all treatments and both seasons. In addition, the grain yield, as affected by year (i.e., specific weather conditions) and treatment application, is presented in Figure 4 .
Considering "year" as the source of variance, there was not a significant difference in terms of biomass production. However, the grain yield and the Y-WP were significantly different with higher mean values (4.81 t/ha and 1.01 kg/m 3 
Considering "year" as the source of variance, there was not a significant difference in terms of biomass production. However, the grain yield and the Y-WP were significantly different with higher mean values (4.81 t/ha and 1.01 kg/m 3 , respectively, in the 2016-2017 growing season) than in 2017-2018 (3.22 t/ha and 0.59 kg/m 3 ). The reduction of yield in the second growing season could be explained by a higher air temperature during the crop development phase (an average of about 3.0 • C) in 2017-2018 than in 2016-2017, and a lack of precipitation in December (immediately after sowing) and in March. The high temperatures accelerated crop development and reduced biomass and yield in 2017-2018. Moreover, in the second season, the booting stage, which is sensitive to water stress, was anticipated in March when the precipitation was low and there was no irrigation. Thus, it could be an additional factor affecting the grain yield in that year. Note: ns, not significant; *, **, and ***, significant at P ≤ 0.05, P ≤ 0.01, and P ≤ 0.001, respectively. Means followed by a different letter in each column are significantly different according to the LSD test (P = 0.05).
Water
Considering "water" as the source of variance, the total dry biomass of wheat was significantly influenced by the water regime. In fact, I-Bluleaf and I-farm produced 41.76% and 41.37% higher biomass than I-rainfed, respectively. In addition, yield varied significantly in relation to water practice, with the values for I-Bluleaf and I-farm respectively 67.14% and 67.50% higher than Irainfed. It should be mentioned that I-Bluleaf and I-farm were not significantly different in terms of final biomass and yield, and the values were very close.
Concerning the Y-WP that was expressed on the basis of grain yield, the results revealed that, although not significant, I-Bluleaf had a 13.5% higher Y-WP than I-farm. In fact, despite I-Bluleaf and I-farm presenting similar values of AGDB and grain yield, it is of great importance to emphasize that I-Bluleaf received 24.8% and 26.6% less water than I-farm, respectively, in seasons 2016-2017 and 2017-2018, which lead to a greater Y-WP.
The results confirmed that the application of supplemental irrigation and a limited amount of water increased the crop yield and water productivity of durum wheat [39] [40] [41] [42] . Table 6 . Aboveground dry biomass (AGDB), yield, and yield water productivity (Y-WP) as affected by year and irrigation treatment (Tr) application. Note: ns, not significant; *, **, and ***, significant at P ≤ 0.05, P ≤ 0.01, and P ≤ 0.001, respectively. Means followed by a different letter in each column are significantly different according to the LSD test (P = 0.05). Considering "water" as the source of variance, the total dry biomass of wheat was significantly influenced by the water regime. In fact, I-Bluleaf and I-farm produced 41.76% and 41.37% higher biomass than I-rainfed, respectively. In addition, yield varied significantly in relation to water practice, with the values for I-Bluleaf and I-farm respectively 67.14% and 67.50% higher than I-rainfed. It should be mentioned that I-Bluleaf and I-farm were not significantly different in terms of final biomass and yield, and the values were very close.
The results confirmed that the application of supplemental irrigation and a limited amount of water increased the crop yield and water productivity of durum wheat [39] [40] [41] [42] .
Stress Indicators: Leaf Water Potential (LWP) and the Crop Water Stress Index (CWSI)
The midday leaf water potential was measured as illustrated in Figure 5 , and corresponding to the time interval between the booting and grain-filling stages. In season 2016-2017, for the first measurement, the midday LWP presented almost similar values, between −24.5 and −25 bar in all treatments. However, for the second and third measurement, the LWP showed lower values (more negative), between −27.67 and −32 bar for rainfed treatments, which indicated water stress. In the case of irrigated treatments, the LWP was higher (around −20 bar) for the second measurement, and it was lower (around 26.5 bar) for the third measurement. The values of LWP were slightly higher for I-Bluleaf than for I-farm treatment. In season 2017-2018, the LWP was lower for rainfed treatment (between −28.67 and −33.17 bar) than for irrigated treatments (between −19.50 and −25.33 bar). There was a clear difference of midday LWP values between rainfed and irrigated treatments. Finally, the treatments I-Bluleaf and I-farm presented the same range of midday LWP, and no clear difference was noticed between the two treatments that mainly exhibited similar trends of LWP. The results obtained in this study are in agreement with the findings of [43] , who reported similar LWP values for durum wheat grown under optimal and water-stress conditions in Avignon, France. These findings are also in agreement with the study of [42] , who investigated the LWP variation under different water regimes for durum wheat and barley crops. This confirmed the validity of the Bluleaf ® application for the irrigation scheduling of wheat, revealing that the plants were well-watered during the irrigation season. 
The midday leaf water potential was measured as illustrated in Figure 5 , and corresponding to the time interval between the booting and grain-filling stages. In season 2016-2017, for the first measurement, the midday LWP presented almost similar values, between −24.5 and −25 bar in all treatments. However, for the second and third measurement, the LWP showed lower values (more negative), between −27.67 and −32 bar for rainfed treatments, which indicated water stress. In the case of irrigated treatments, the LWP was higher (around −20 bar) for the second measurement, and it was lower (around 26.5 bar) for the third measurement. The values of LWP were slightly higher for IBluleaf than for I-farm treatment. In season 2017-2018, the LWP was lower for rainfed treatment (between −28.67 and −33.17 bar) than for irrigated treatments (between −19.50 and −25.33 bar). There was a clear difference of midday LWP values between rainfed and irrigated treatments. Finally, the treatments I-Bluleaf and I-farm presented the same range of midday LWP, and no clear difference was noticed between the two treatments that mainly exhibited similar trends of LWP. The results obtained in this study are in agreement with the findings of [43] , who reported similar LWP values for durum wheat grown under optimal and water-stress conditions in Avignon, France. These findings are also in agreement with the study of [42] , who investigated the LWP variation under different water regimes for durum wheat and barley crops. This confirmed the validity of the Bluleaf ® application for the irrigation scheduling of wheat, revealing that the plants were well-watered during the irrigation season. In Figure 6a , the canopy temperature minus air temperature (Tc -Ta) values are plotted against the corresponding values of air vapor pressure deficit (VPD), and delimited by the estimated upper and lower baselines.
In Figure 6a , the canopy temperature minus air temperature (Tc -Ta) values are plotted against the corresponding values of air vapor pressure deficit (VPD), and delimited by the estimated upper and lower baselines.
The variation of the empirical CWSI under the three water regimes in 2016-2017 is shown in Figure 6b . Since the irrigation supply started late in the season (April), the first measurements showed a common stress (with a CWSI between 0.4 and 0.55). Later on, the CWSI decreased as a result of irrigation in I-Bluleaf and I-farm. The irrigated treatments followed a similar trend of CWSI in agreement with the adopted irrigation strategy. The CWSI threshold for irrigation can be adopted as 0.5, which is in agreement with other studies [44] . Therefore, the results on CWSI variation confirmed the validity of the Bluleaf ® irrigation app for use in the irrigation management of durum wheat. 
Conclusions and Perspectives
Field crops, such as wheat and other cereals, are important for stabilizing food security at the national level in the most of the MENA countries. In most cases, these crops are irrigated in order to reach a satisfactory level of production. Although water authorities are trying to develop regulations The variation of the empirical CWSI under the three water regimes in 2016-2017 is shown in Figure 6b . Since the irrigation supply started late in the season (April), the first measurements showed a common stress (with a CWSI between 0.4 and 0.55). Later on, the CWSI decreased as a result of irrigation in I-Bluleaf and I-farm. The irrigated treatments followed a similar trend of CWSI in agreement with the adopted irrigation strategy. The CWSI threshold for irrigation can be adopted as 0.5, which is in agreement with other studies [44] . Therefore, the results on CWSI variation confirmed the validity of the Bluleaf ® irrigation app for use in the irrigation management of durum wheat.
Field crops, such as wheat and other cereals, are important for stabilizing food security at the national level in the most of the MENA countries. In most cases, these crops are irrigated in order to reach a satisfactory level of production. Although water authorities are trying to develop regulations to limit water abstraction (especially from groundwater), their effective application requires support to help farmers in the implementation of new water-efficient technologies. For this reason, a user-friendly smartphone application for irrigation scheduling is of great importance in rationalizing water quantities.
The application of Bluleaf ® , which was tested in this study, can provide daily customized irrigation scheduling for each farm at the irrigation sector scale using local meteorological data on a real-time basis, weather forecasting, soil, and crop data, and the hydraulic characteristics of the irrigation system. The results of the test indicated a considerable water saving of at least 1000 m 3 /ha, which confirmed that the irrigation practices adopted by farmers are not efficient, cause a waste of water, nutrients, and energy, and trigger other environmental burdens. The assessment of Bluleaf ® 's performance revealed that the presented tool could constitute a promising solution for irrigation scheduling with an "acceptable to very good" simulation of the soil water balance in the root zone.
Nowadays, there is an increasing demand for user-friendly platforms in the agricultural sector that should be able to provide relevant information for farmers by means of various types of sensors (local and remote) and modeling tools. Additionally, these applications could be used to produce reliably traceable records of farm activities and for the estimation of eco-efficiency [45] , which is increasingly being demanded by the market.
The presented tool is one such platform, based on a smartphone application that allows for easy and instantaneous interaction with users. This provides additional insight into real-time irrigation management and permits more efficient water, nutrient, and energy use. Certainly, proper use of this and other similar tools depends on a concerted capacity-building effort and strong collaboration between researchers, extension service staff, and farmers. Further testing and calibration of other crop, soil, weather, and management conditions is needed. 
